ABSTRACT: This study aimed to determine the specific physical and basic gymnastics skills considered critical in gymnastics talent identification and selection as well as in promoting men's artistic gymnastics performances. Fifty-one boys from a provincial gymnastics team (age 11.03 ± 0.95 years; height 1.33 ± 0.05 m; body mass 30.01 ± 5.53 kg; body mass index [BMI] 16.89 ± 3.93 kg/m²) regularly competing at national level voluntarily participated in this study. Anthropometric measures as well as the men's artistic gymnastics physical test battery (i.e., International Gymnastics Federation [FIG] age group development programme) were used to assess the somatic and physical fitness profile of participants, respectively. The physical characteristics assessed were: muscle strength, flexibility, speed, endurance, and muscle power. Test outcomes were subjected to a principal components analysis to identify the most representative factors. The main findings revealed that power speed, isometric and explosive strength, strength endurance, and dynamic and static flexibility are the most determinant physical fitness aspects of the talent selection process in young male artistic gymnasts. These findings are of utmost importance for talent identification, selection, and development. 
INTRODUCTION
Artistic gymnastics (AG) is a type of power speed activity that requires high levels of both anaerobic and flexibility capacities for successful performance [1] . It promotes jumping, pushing, explosive strength, and pulling skills development together with balance and artistry on the different apparatuses [2] [3] [4] [5] . Artistic gymnastics performance depends on the perfect trade-off between the physical fitness level and the complex technical skills required on each apparatus [6] .
Thus, a high fitness performance level is decisive in men's artistic gymnastics (MAG) to fulfil exercises' technical requirements on different apparatuses [7] . Specifically, the gymnast must achieve high strength, flexibility, and coordination levels to effectively perform the wide range of complex acrobatic skills [8] [9] [10] [11] [12] . Bencke et al. [13] indicated that gymnastic athletes develop better lower limb strength indices at an early age compared with practitioners of other sports (e.g., handball, tennis, swimming). The same authors were able to demonstrate that 11-year-old male gymnasts were stronger than their untrained peers. It is noteworthy that long-term gymnastics training has various effects depending on the type of strength indices (i.e., rate of force development, maximal, relative and absolute Evaluating the physical and basic gymnastics skills assessment for talent identification in men's artistic gymnastics proposed by the International Gymnastics Federation AUTHORS: Bessem Mkaouer 1 The FIG MAG Age Group Development Program [27] has been previously validated [5, 29] . It is considered a useful tool for gymnastics talent identification [5, 29] . In fact, high-level gymnastics performance requires long-term systematic physical fitness preparation. Therefore, it is crucial to quantify the physical progress achieved and to distinguish, among the gymnasts already selected for national competitions, those most likely to achieve good performance at international competitive MAG events. Thus, it would be interesting to obtain 'cross-cultural' data about these variables from early phases of training. In other words, a thoughtful assessment of young gymnasts' physical abilities from an early age is critical for a future successful career.
Program" [27, 28] presents the basic approach adopted to develop young gymnasts' physical fitness (i.e., strength, flexibility, power, and endurance). This programme is currently adopted by FIG international coaches for young (i.e., 6-11 years) and 18-year-old gymnasts [16] . Accordingly, gymnasts must be prepared gradually over several years to sustain and develop their physical fitness performance required to succeed in competition [27, 28] . The FIG is working vigorously on improving and updating the training and talent identification programme. Additionally, the education of coaches to improve their knowledge and effectiveness in physical, technical, and psychological preparation, without causing harm to gymnasts' health, is one of the main missions of FIG [27, 28] . 
Physical and motor-skills assessment in artistic gymnastics
In the literature, several studies [1, 5, [20] [21] [22] [23] [24] [25] [26] [27] , gymnasts were given a standardized set of instructions explaining the different tests. Thereafter, they were familiarized with the experimental apparatus. Gymnasts were asked to avoid high-intensity physical training for 48 h before the simulated competition condition.
An interview was conducted with coaches of regional men's teams to identify the strategies most often adopted to establish a profile of the gymnast that respects elite performance needs. The interview highlighted that age group, specific skills (i.e., physical traits), and psychological characteristics (e.g., personality traits) are the main criteria that coaches worked with for men's artistic gymnastics talent selection. Additionally, coaches were asked whether they applied the international physical fitness testing battery in the teams they had been working for. Only 4 out of 12 coaches responded that they were considering the international physical fitness testing battery during their training programmes.
Experimental Sessions. During the experimental sessions, all participants completed a standardized warm-up that included jogging for several laps (~5 min) around the floor space, different jumps (~5 min) and stretching of the major lower (e.g., leg, thigh, gluteus region) and upper (e.g., chest, shoulder, arm) limb muscles (~5 min).
Then, they received specific instructions delivered according to the assigned condition and they were asked to achieve their highest performance in the different assessments undertaken.
The methodological control of the protocol was assured by three steps. First, 48 h separated the experimental sessions to avoid any order or fatigue effect which could be experienced by the participants.
Second, none of them had consciously performed physical fitness tests to improve performance before engaging in the protocol. This was checked by an individual interview. Third, subjects had to wear the same clothes during each session, to abstain from having hard training sessions on the day before each testing session, and to maintain a consistent dietary intake on each testing day. The same testers (i.e., two highly qualified international gymnastics coaches) conducted all the experimental sessions and provided consistent recommendations and encouragement to the gymnasts. Each test was performed twice, and the best performance was selected for further analyses. To account for diurnal variation, participants were assessed at the same time of day (between 9.00 AM and 11.30 AM).
Temperature and relative humidity were 22 ± 1°C and 43 ± 1%, respectively. Subjects were healthy without any muscular, neurological or tendon injuries. No medical problem appeared during the study.
final scores achieved for the pommel horse, parallel bars, and horizontal bar with strength and flexibility performance. To the authors' knowledge, only the study of Sleeper et al. [5] was conducted in a large sample of young male gymnasts (i.e., 73 young and 10 adult gymnasts). In the study of Leon-Prados et al. [29] , only 11 adult male gymnasts were included. However, both studies [5, 29] focused on limited physical fitness tests (i.e., 6 to 10 tests). Additionally, the process of talent identification in the two above-mentioned studies [5, 29] was not sufficiently addressed. Therefore, the aim of this study was to determine the specific physical and basic gymnastics skills considered critical in the identification and selection of gymnastics' talent and in optimizing men's artistic gymnastics performances.
MATERIALS AND METHODS

Participants
The study was performed in accordance with the Declaration of 
Procedures
Standardized instructions and verbal encouragements were provided to participants during all the experimental sessions. They were also asked to avoid high-intensity physical training for 48 h preceding the power activities should be organized in rotation per muscle group, always following the same application order: flexibility exercises, speed and power exercises, strength and endurance exercises. A summary of the testing procedure is displayed in Table 1 .
Statistical Analyses
Data are presented as mean ± standard deviation (SD) and confidence intervals at the 95% level (95% CI). The normality of distribution, estimated by the Kolmogorov-Smirnov test, was acceptable for all variables. The comparison of the averages calculated with theoretical
references (i.e., FIG's values) was established by the z-test
After the completion of all the testing sessions, all participants received feedback regarding their individual outcomes.
Research Design
To evaluate and identify the physical profile of young men's artistic gymnasts, an international model which was developed by a number of experts and scientists involved in the study and whose aim was to ensure a systematic approach for MAG development worldwide was used [27] .
The FIG test battery was administered to evaluate gymnasts' physical fitness performance. The physical characteristics assessed were: strength, flexibility, speed, endurance, and power. All tests were applied on the same day. To maintain gymnasts' physical fitness and to avoid any overloading risk, it is advisable that strength and Legend: (Factor 1) power speed; (Factor 2) isometric strength; (Factor 3) dynamic strength; (Factor 4) strength endurance; (Factor 5) dynamic flexibility; (Factor 6) static flexibility.
Thereafter, the outcomes of the test battery were introduced in an analysis of principal components (PCA) with the purpose of identifying the most representative factors. The factorial analysis began by calculation of the correlation matrix between tests assessed with the coefficient of determination (R²). This matrix was submitted for extraction of the main components, followed by varimax rotation [31] .
The factors were retained only if they were composed of two or more variables. Moreover, the first factor should be concentrated with the greatest part of the tests with factorial weight above 0.70 (i.e., the cutting point adopted for the definition of the connection force between tests) [20, 31] . A stepwise regression was established between the total apparatus score and physical parameters. In addition, we used the equation ƒ² = R² / (1 -R²) to calculate the multiple regression effect size [32] . The following scale was used to interpret the effect size: ƒ² ≥ 0.02 small, ƒ² ≥ 0.15 medium and ƒ² ≥ 0.35 large. The relative and absolute reliability of the MAG battery were examined using the intra-class correlation coefficient (ICC) and the typical error of measurement (TEM) expressed as the coefficient of variation (CV),
respectively. A paired sample t test was computed to assess any learning effect or systematic bias between sample mean scores for test and retest sessions. Significance was set at 0.5% (p ≤ 0.05).
Statistical analyses were performed using IBM SPSS Statistics Version 20 (IBM Corp., Armonk, New York, USA).
RESULTS
The main results of the MAG battery are presented in Table 1 Accordingly, the total apparatus score (i.e., floor exercises, pommel horse, rings, vault, parallel bars and high bar) was 82.05 ± 12.88 points.
The reliability of the MAG age group battery is displayed in Table 2 .
The results showed good relative (ICC: 0.96 to 0.99) and absolute (TEM: 0.01% to 0.77%) reliability of the testing battery used.
The outcomes of the performed tests were subjected to PCA (Table 3) . Six factors were retained for interpretation of the ratios between the battery tests applied (Eigen values > 1.0). Moreover, adopting 0.70 like a minimum correlation threshold, 17 physical fitness tests were retained from the whole MAG battery. manner in a short-duration routine (5 seconds/70 seconds) [12] . In this context, Bencke et al. [13] indicated that gymnasts presented greater lower limb muscle power performance compared with tennis players, handball players, and swimmers. Jumping abilities have been shown to be the most important skill for MAG performance [13, 34] . This observation was highlighted by the superior jumping performance in elite compared with intermediate level gymnasts [14, 34] . In our study, gymnasts showed comparable vertical jumping performance to FIG values. However, horizontal jumping performance of young male gymnasts was lower than that of FIG [27] .
Marina and Jemni [34] reported that a gymnast's jumping ability was associated with successful performance and can be considered
as an overall indicator of gymnastics ability [35] . Furthermore, Brehmer and Naundorf [36] revealed that the run-up velocity is essential to enhance performance in artistic gymnastics, particularly in the vault event. In addition, previous evidence suggested that elite level male gymnasts are characterized by excellent lower and upper body muscular power [12, 37] . In this regard, strength and power are imperative in identification of MAG talents.
Measurement of gymnastics specific performance is important to determine progress and potential for gymnastics skills. In the rings, most skills are relatively slow moving or held (i.e., isometric). Therefore, the isometric component of strength is important for gymnasts [38] . Bernasconi et al. [39] showed that all top-level gymnasts perform the support scale at rings height. In addition, Bodray et al. [40, 41] suggested that the circle performed on the pommel horse is a sequence of complex movements in which the amplitude, governed by a high isometric strength level, is the key component of the performance.
Another quality that emerged from the results of the physical fitness profile is flexibility. This fitness quality was identified as one of the determinants of gymnastics performance. For instance, Sands et al. [42] reported that the flexibility level can be considered as one of the pillars of fitness characteristics in AG.
On the whole, developing various fitness traits (i.e., speed, power, strength endurance, and flexibility) seems to be very important for building elite men's gymnastics profile. For that reason, an objective assessment of young gymnasts (i.e., a valid test battery for each age group) is certainly required to identify potential future champions.
However, longitudinal studies are still needed to determine whether the great disparity of physical fitness tests undertaken in this study would be effective in predicting future successful gymnasts.
Of note, the FIG battery lacks coordination tests. Therefore, it may be useful to include the battery Körperkoordinations Test für Kinder (KTK) adopted by Vandrope et al. [25] to discriminate female gymnasts by competitive level.
CONCLUSIONS
The present findings outline the specific physical fitness performance factors considered critical in the detection, identification, development, and selection of gymnastics talent. These factors are strength, The summary of the outcomes of the stepwise multiple regressions among the total apparatus scores and the physical tests are shown in Table 4 .
The equation generated by the regression model to predict the total score was calculated as follows (equation 1). This study conducted with young elite male gymnasts demonstrated that muscle power is paramount in identifying MAG talents.
EQUATION
In this regards, Jemni et al. [12] showed that the strength and peak power are the main determinants of MAG gymnast's physiologic profile. In fact, the contribution of strength and power to men's gymnastics performance has increased during the last decades [12] ,
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Physical and motor-skills assessment in artistic gymnastics power, speed, and endurance. Furthermore, the results of the principal component analysis retained six principal components. These components are the power speed, isometric and explosive strength, strength endurance, and dynamic and static flexibility. These results seem to be tremendously important, because they support the increase in focus on power and difficulty in high-level gymnastics practice.
In this view, it is interesting to note that the rapid increase in the difficulty content of MAG performances has also been the result of the improved physical profile as well as of ever-increasing volume and intensity of training at ever-younger ages. Accordingly, proper talent identification should be intended to safely and systematically prepare young gymnasts for high performance below the junior level.
Taken together, coaches and strength and conditioning professionals should consider integrating the current physical fitness test battery in their development programmes with elite male young gymnastics to monitor and enhance their physical fitness performance. Overall, the MAG battery can be considered an effective tool to identify future talents in men's artistic gymnastics.
